Objective To evaluate the reliability of a four-level triage scale for obstetrics and gynaecology emergencies and to explore the factors associated with an optimal triage.
Introduction
Triage is the preliminary clinical assessment process that sorts patients before full diagnosis and treatment and has become crucial in times of overcrowded emergency units and resource constraints. 1 To deliver timely, efficient and safe high-quality care, it is important to select patients according to the severity of their condition. 2 Numerous triage instruments have been developed in several countries, such as in Australia [Australasian Triage Scale (ATS)], the United Kingdom (Manchester Triage System
[MTS]), Canada [Canadian Triage and Acuity Scale (CTAS)] and the USA [Emergency Severity Index (ESI)]. [3] [4] [5] [6] Obstetrics and gynaecology patients represent specific risk groups, particularly for pregnancy-associated conditions. Physiological changes related to pregnancy, such as hypotension, tachypnoea or tachycardia, make most existing triage scales unsuitable for this population. In addition, some of the most dangerous complications during pregnancy, such as pre-eclampsia, are not well known by emergency teams. This has led to the development of specific tools, such as the Maternal Fetal Triage Index (MFTI) and the Maternal Early Warning System (MEWS) in the USA and the Obstetric Triage Acuity Scale (OTAS) in Canada. [7] [8] [9] However, these tools either lack reliability, do not include gynaecological conditions, or fail to link to existing general triage instruments. The Swiss Emergency Triage Scale (SETS) is a reliable symptom-based four-level scale used in Europe for adult emergencies. 10 In this study, we aimed to assess the use of the same SETS in the field of obstetrics and gynaecology emergency by means of an interactive triage simulator presenting a range of 30 real-life clinical vignettes. We first intended to evaluate the inter-and intra-rater reliability of the rating obtained in a group of obstetrics and gynaecology professionals then to assess the factors associated with optimal triage, over-and undertriage. Because, each vignette was completed following a step-by-step procedure, we secondly aimed to assess the factors associated with the number of steps used for answering each clinical vignette.
Methods
We conducted a prospective study at the maternity unit of the Geneva University Hospitals in Geneva, Switzerland, a tertiary referral centre for gynaecology and obstetrics within a 1200-bed urban teaching hospital. The unit is the largest in Switzerland with over 4000 deliveries per year, as well as 1300 emergency visits per month, 700 for gynaecology and 600 for obstetrics. All patients presenting to the obstetrics and gynaecology emergency ward are first evaluated by emergency nurses or midwives. The study consisted of the assessment of 30 clinical scenarios using a computerised triage simulator (see Supporting information, Appendix S1). All triage nurses and midwives in the emergency ward during the study period were invited to participate. The study was designed as a two-phase process, comprising one test and one retest phase. All participants were trained to use the SETS; some participants had also obtained certification in obstetrics and gynaecology emergencies. The local ethics committee of the Geneva University Hospitals approved the study protocol.
Study background
The SETS is available in French, German and Italian and currently used in adult emergency departments in Belgium, France and Switzerland. 10 To support the triage process, the measurement of vital signs and interpretation of the results are fully standardised. Similar to the MTS 11 and the CTAS, 5 the SETS incorporates timeline objectives as follows. 1 Level 1 (immediately life-threatening situation): assessment and treatment must be immediate with the patient installed in a resuscitation room, labour ward, or in an operating room for caesarean section. In 2008, a multidisciplinary team composed of gynaecologists, obstetricians, emergency physicians, nurses and midwives expanded the SETS to include the specificities of obstetrics and gynaecology, enabling its use as a triage tool in the emergency units of both subspecialties. These specificities included a grid defining emergency levels during and outside pregnancy to take into account physiological changes occurring during pregnancy (see Supporting information, Figure S1 ). In 2011, a unified emergency unit for obstetrics and gynaecology was created and the SETS was implemented as a permanent operational element. A multidisciplinary frame network was put in place to provide continuous training and supervision for its users and we started an internal evaluation process for its validation in this context. At the same time, we developed an internal 40-hour training programme that led to certification in obstetrics and gynaecology emergencies for nurses and midwives.
Triage simulator
The study used interactive software that simulated the triage process to be as close as possible to real-life conditions. In brief, a triage simulator integrated 30 standardised clinical vignettes representative of 15 common gynaecology and 15 common obstetric emergency conditions. Scenarios were developed by the multidisciplinary team based on real-life events that had previously occurred in the obstetrics and gynaecology emergency unit (see Supporting information, Appendix S1). They included situations across all triage levels. For each vignette, the participant had to choose the level of triage according to the SETS, based on the initial information and additional data provided. Participants were requested to evaluate the 30 vignettes twice within 6 months. Each vignette had an expert-based attributed level.
Outcomes and variables
Primary outcomes were reliability of the triage assessed by an intra-class correlation coefficient (ICC) and the level of triage correctness for each vignette. Correctness was defined for each vignette if participants had attributed the same level of triage as the expert. ICC was interpreted as weighted j coefficients following the Landis and Koch scale. 12 Among the 30 vignettes, five were level 1, 11 were level 2, 13 were level 3, and one was level 4, which is representative for local epidemiology. For each vignette, the level chosen by the participant was compared with the preestablished level attributed by the multidisciplinary expert panel. Over-and undertriage were defined as all overestimation and underestimation of the emergency level by the participant compared with the expert-attributed level. The vignette was defined as correctly classified when rated at the same level as the expert panel. Secondary outcomes were the number of questions needed per vignette to select a level of triage and the time spent to complete the triage process. These data were obtained from the logs of the computer simulator.
For each participant, we obtained information on age, gender, professional category (midwife versus nurse), completion or not of the certificate in obstetrics and gynaecology emergencies, time from nurse or midwife graduation in years, experience in obstetrics and gynaecology in months, and time spent at the obstetrics and gynaecology emergency ward in months.
Statistical analysis
Because we were constrained by the number of participants and the number of clinical vignettes, we estimated that the expected variance for an expected ICC between 0.70 and 0.80 would be between 0.002 and 0.0032. 13 Continuous variables were presented by their median (interquartile range, IQR) for the number of questions asked; categorical variables were presented by their frequency and relative proportions. We compared the number of questions asked by vignette between test and re-test phases using a Wilcoxon signed-rank test. For the overall comparison of the number of questions asked between the two phases, we used a generalised linear mixed model and two non-nested random effects (one on the vignette and the other on the rater).
To measure the agreement in the triage assessment among participants, we calculated an ICC with its 95% CI using a two-way mixed-effects model to take into account that the 30 vignettes were rated by the same set of 22 independent raters.
The second aim was to assess the factors explaining the correctness of triage. To take into account the correlation in the answers, we performed a generalised linear mixed model using a logit link function and two non-nested random effects (one on the vignette and the other on the rater) to assess the correctness of each triage. We pre-specified a list of factors that could explain the correctness of the triage: the vignette specialty (obstetrics, gynaecology or gynaecology-obstetrics); professional category (nurse versus midwife); time spent in obstetrics and gynaecology (<24 months, 24-48 months and ≥48 months); certification in obstetrics and gynaecology emergencies; and the number of questions needed to complete the clinical vignette. For each variable, we obtained an adjusted odds ratio (OR) with its 95% CI and the random-effect estimates of the vignette and the rater as SD.
Second, we assessed the factors associated with undertriage after exclusion of all vignettes presenting a level 4 (n = 1 vignette and 22 observations). Similarly, we assessed the factors related to overtriage after exclusion of all vignettes presenting a level 1 (n = 10 vignettes and 220 observations). For the two outcomes (undertriage then overtriage), we used again a generalised linear mixed model with a logit link function and two non-nested random effects (one on the vignette and the other on the rater). We adjusted for the same variables as in the first model assessing the correctness of triage.
All analyses were performed using STATA version intercooled 14 (STATA Corp, College Station, TX, USA). Statistical significance was defined as P < 0.05 (two-sided).
Results
We obtained a total of 1191 ratings (99.3%), 652 in the test phase and 539 in the retest phase. Only nine vignette evaluations were missing. Twenty-two trained triage professionals (78.6% of eligible personnel; six dropped out early because of sick leave) comprising nine nurses and 13 midwives completed the first phase of the study in summer and autumn 2014. Eight nurses and ten midwives (n = 18) also completed the second phase in spring 2015. Seventeen participants had obtained the certificate in obstetrics and gynaecology emergencies before the study (77.3%). All participants had >5 years of experience as health professionals and a mean number of 18.8 months of experience with the triage process (Table 1) . Inter-rater reliability was 0.748 (95% CI 0633-0.858) of ICC at the test phase and intrarater reliability was 0.812 (95% CI 0.726-0.889) of ICC at the re-test phase.
Evaluation of the triage process
We observed a wide variability in the median (IQR) number of questions asked per vignette, ranging from 8.0 (7-9) (#22, a case of a Bartholin's abscess) to 15.5 (13-21) (#12, a case of hypotension at 20 weeks of gestation) in the test phase ( Figure 1A) , and from 7.5 (7-11) (#22) to 17.5 (11-21) (#12) in the retest phase. The median (IQR) number of questions asked varied also across individuals from 7.0 (4-9) to 19.0 (15) (16) (17) (18) (19) (20) (21) (22) in the test phase ( Figure 1B ). The observed variability had no significant impact on the correctness of triage results.
There was no significant difference between the test and retest phases in the total number of questions asked by the 18 participants who completed both phases, except for four vignettes (#10, a case of the onset of term labour; #14, a case of vaginal mycosis; #18, a case of first-trimester hyperemesis; and #29, a case of menometrorrhaghia with a fibroid uterus). Overall, the retest phase resulted in a significantly lower median number of questions asked compared with the test phase [12.0 (9-15) versus 11.0 (8-15), respectively; P < 0.001].
Triage performance evaluation in the test phase
Perfect agreement between the expected and the observed triage decisions was found in 78.4% of situations (n = 511). Overestimation of the emergency level was observed in 63 ratings (9.6%). It was especially frequent in five situations where more than 30% of participants allocated a more severe severity score. Four of the frequently overestimated cases were pregnancy-related and one dealt with sexual assault. Underestimation of the emergency level was slightly more frequent and was observed in 78 (12.0%) assessments. It often occurred in three situations where more than 30% of participants allocated a less severe severity score. Two cases were pregnancy-related and one was abdominal pain. We observed a different distribution of assessment errors depending on the vignette's emergency level (P < 0.001). Levels 1 and 4 were more often allocated correctly than levels 2 and 3, the latter being more prone to assessment errors (Table 2) .
In univariate analysis, no factor was significantly associated with the correct allocation of the emergency level during the triage process or overtriage (Table 3) . Undertriage occurred less frequently for gynaecology than obstetric vignettes (OR 0.45; 95% CI 0.23-0.91; P = 0.035) and underestimation of the emergency level decreased with the number of questions asked (OR 0.94; 95% CI 0.88-0.99; P = 0.047). The multivariate model showed that having the certificate in obstetrics and gynaecology emergencies was an independent factor for the avoidance of undertriage (OR 0.35; 95% CI 0.17-0.70; P = 0.003) after adjustment for the vignette specialty, profession, months of experience in gynaecology and obstetrics, and the number of questions asked.
Discussion

Main findings
We were able to confirm the reliability of the SETS in an obstetrics and gynaecology setting and to explore the performance of nurses and midwives in the triage process.
The excellent intra-rater reliability was superior to the results obtained in the studies evaluating the ESI, CTAS and OTAS. The good inter-rater reliability was equal 9, [14] [15] [16] and superior compared with the MFTI. 17 Moreover, we observed an excellent agreement between the reference standard and evaluators in 78.4% of all assessments, which was superior to the results obtained with the ATS. 18 About 10% of assessments led to overestimation and occurred frequently in four vignettes (#4, 9, 17, 24). Underestimation occurred in 12% of ratings, which was significantly lower than in the original SETS, 10 the CTAS 19 and the ATS.
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Strengths and limitations
Compared with other available triage instruments in obstetrics and gynaecology, the SETS has the advantage of being an integrated scale based on an extensively tested system in a general emergency department. 10 Although using similar elements, early warning systems, such as the MEWS, constitute more of a 'track and trigger' process for inpatient and outpatient settings and use periodic observation of selected vital signs 'track' combined with predetermined criteria 'trigger' to summon experienced help. 20 Hence, they are not specifically designed for use in emergency triage. In addition, the MFTI, MEWS and OTAS only consider obstetric specificities. [7] [8] [9] Gynaecological conditions should also be adequately represented in a triage tool.
There are several limitations to our study. Our results come from a single-centre study, which might be a limitation in the study's generalisability. However, we used a standardised approach to implement the triage simulator in an obstetrics and gynaecology unit. 10 Moreover, participants represented well the characteristics of this specific population of healthcare workers and we did not suspect any selection bias in the study population, which favours the study's generalisability. The evaluation of vignettes may not represent a real-time approach where implementation is limited by overcrowded emergency units and the impossibility of simultaneous triage by a second independent evaluator. There may be a selection bias due to exclusion of the sickest, sequential evaluation and, finally, the impossibility of performing test-retest processes. Although users considered the simulator's narrative content to be close to reality, it lacked visual features, a detail previously proven to be beneficial, 18 and a revised version is currently under development. Ideally, the evaluation of a triage scale should incorporate the assessment of clinical outcome depending on triage level assignment and to address the potential adverse outcomes that would have resulted from the misassignment.
Interpretation
As three of overestimated vignettes were pregnancy-related, this could be due to an overevaluation of the danger to the unborn child. Vignette #4 described a term pregnancy driving the evaluator towards orientation to the labour suite when easily available. Vignette #9 listed symptoms of preeclampsia at week 25 in a migrainous patient. Given this potentially life-threatening pathology for both the mother and child, a higher level of attention can be assumed. 21 Vignette #17 was a case of severe haemorrhage brought by ambulance at the end of the first trimester. Finally, vignette #24 illustrated a case of sexual assault, which represents a delicate situation from medical, psychological and juridical points of view. 22 The potential impact of an underestimation would be that severe cases might be unsafely diverted to lower acuity with potentially significant negative impact on the clinical outcome. In our study, four vignettes were frequently rated with a lower level than expected (#6, 18, 21, 25) . Vignette #6 was a case of haemorrhage at term with known placenta praevia, which would require level 1 care as potentially life-threatening for the newborn. We considered this underestimation as a worrying finding. Vignette #18 described a case of first-trimester hyperemesis. Associated hypotension should have prompted classifying the vignette at a higher level, although hyperemesis is usually considered a nonsevere disease. Vignette #21 was a case of a common genital infection. The high pain score should have generated the allocation to level 3 instead of 4. Finally, vignette #25 illustrated the situation of an elderly woman presenting with pelvic organ prolapse. A level 3 management for the patient's comfort would be preferable over redirection towards an outpatient setting (level 4).
The right balance between overestimation and underestimation remains a subject of debate. Many authors consider underestimation more problematic and frequently argue that patient safety is of greater value than economic efficiency. 1, 2, 23 Nevertheless, inefficient care due to overestimation may consume resources subsequently unavailable for concomitant severe emergencies. Hospital administrators usually favour instruments that minimise the inappropriate use of resources. 23, 24 In the multivariate analysis, we confirmed that specific triage training and experience tend to reduce underestimation and overestimation, respectively.
We observed also an important variability in the number of questions asked by participants. This is possibly a reflection of the difficulties encountered by triage professionals to obtain relevant information to stratify patients and deliver the most efficient care. Another potential factor explaining this variability could be the participants' professional background (nurses and midwives) often reflecting unequal professional philosophies and values; furthermore, the raters' professional experience varied significantly. A similar variability has been described also in previous studies using a simulator or written vignettes. 14, 16, 25 The participants of these studies all based their assessment on the same information for each case. 14, 18 However, in real life, the triage professional must actively seek information, which is adequately simulated with our tool. 10 
Conclusion
In summary, the four-level SETS is a valid and reliable emergency triage tool suitable for the continuous training of healthcare professionals to improve women's care and cost-control in emergency units. We believe that based on our practice and the findings of our study, the SETS represents a ready-to-use tool to be adopted in a clinical setting for emergency triage in obstetrics and gynaecology.
